. 1 The content of zinc, cadmium, lead, and copper in honey varieties was determined by the method of stripping voltammetry. Samples preparing was made by three different methods: dry and hydro ashing, as well by "hydro" mineralization and dry ashing. It was found that all methods of samples preparing can be used for destroying honey matrix, but the combined method of samples preparing is the most efficient one for ions of heavy metals extracting and provides accuracy of the definition. Method of stripping voltammetry can be used in practice of quantitative determination of heavy metals in honey samples.
Introduction
Honey is the most valuable food item. Owing to its complex chemical composition (enzymes, glucose and sucrose, proteins, amino and organic acids, vitamins, lipids, flavonoids, phenol acids, and mineral components) it has a therapeutic effect on human organism. Regular use of honey increases organism's resistance to various infections and cold-related diseases. Honey is widely used in food, medical, and cosmetic industries. Honey and other beekeeping products should be of good quality and safe, should correspond to the requirements of current normative documents concerning maximal allowed level of the substances which are potentially harmful for the consumers' health [1] [2] [3] .
Investigations of the last years show that bees and beekeeping products can selectively accumulate some heavy metals, radioactive substances, pesticides, and other contaminants. Extent of heavy metals accumulation on the territory of Ukraine, as toxicants of techno genic origin, unfortunately grows. Contamination of the farmland by heavy metals is due to harmful emissions of industrial enterprises and auto transport into the atmosphere, waste of livestock farms and use of fertilizers and pesticides [4] . The most dangerous toxicants with prolonged influence are such heavy metals as lead, mercury, cadmium, arsenic, zinc, nickel, copper, etc., which are emitted to the environment and are accumulated in grounds. Then they migrate into natural waters, absorbed by plants and enter the food chain. Toxic influence of heavy metals in the human organism is realized slowly, leading to impaired functioning of separate systems and organs, immunodeficiency state of human body and causing mutagenic, teratogenic and embryo toxic effect [5] .
Modern analytical and sanitary-hygienic service of heavy metals control in food and environmental objects puts the following requirements to the instrumental methods of the analysis: high accuracy and sensitivity; possibility to conduct the analysis by minimal quantity of preparatory actions; automatization and computerization of the analysis processes [5] .
Despite considerable progress in the development of physical and chemical methods of bee products analysis, for instance, spectroscopic [1, 2, [6] [7] [8] [9] [10] [11] [12] [13] and chromatographic ones [14] , such analyses require complicated and valuable equipment, and as a result are expensive.
Electrochemical analysis methods are characterized by high sensitivity and selectivity, quick response to the composition change of the analyzed object, are easy in automatization, do not require expensive analytical equipment [5, 14, 15] . Thus, method of stripping voltammetry, which allows to determine zinc, copper, cadmium, and lead in the sample on condition of their simultaneous presence, seems to be more promising for analysis of the consumer goods.
To determine tracer quantity of heavy metals it is necessary to convert them into solution, thereby destroying the organic matrix of honey sample. Unfortunately, because of the big amount of the samples types there is no universal methodology for samples preparation that would meet all the demands. For full destroying of the organic matrix of honey samples dry and hydro ashing is usually used. It is performed mostly by acids: nitric acid [1, 8] , chloric [11] , mixture of nitric and chloric acids [8] , mixture of nitric and sulfate acids [9] , as well as by nitric acid and hydrogen peroxide [2, 7, 14] and mixture of nitric acid and magnesium acetate [10, 13] . Besides traditional samples heating at their mineralization, a more advanced method is using devices with microwave heating for hydro ashing under pressure, which is actually described in works [2, 7] . However, it remains unclear what composition of acid/acid mixture is more rational for the apparatus used and each definite analytical method of investigation.
Therefore, the purpose of this work was the determination of such heavy metals as zinc, lead, cadmium, and copper in honey types by the method of stripping voltammetry, as well as correlation of the efficiency of three methods of samples preparing -dry and hydro mineralization and their combination.
Experimental
The investigation was performed with honey samples which were bought in the specialized honey shop and from beekeepers in different parts of Chernihiv region. Honey samples were fresh and not pasteurized, i.e. they were not thermally treated. The 100 g of honey samples were gathered for the analysis in glass jars at room temperature without light admission. Researches were conducted with the sampling averaged from 3 samples of each of the following types of honey: lime (1), polyfloral (2), floral with thistle (3), acacia and raspberry (4), rape (5), clover (6), sunflower (7), meadow (8) , forest (9), buckwheat (10), and field (11) .
In order to dissociate the organic component of matrix and to transfer the investigated components into solution in electrochemically active forms, the programmable two-chamber furnace was used PDP-Lab (Research and Development Enterprise "Tomanalit" RF). The preparing of 1 g samples was made by three methods:
Sample weight of honey was mixed with magnesium acetate (1 mg/ml), then it was dried in porcelain cup at 373 K for 2 h. 2.5 ml of nitric acid was added to the dried sample (5H). Then the cups with samples were put in cold muffle oven and the samples were gradually heated up to the temperature of 873 K, and then they were ashed at the temperature of 873 K for 4 h. If ashing of the sample failed (the sample contained dark inclusions) after cooling 2.0 ml of nitric acid (5H) were added to each sample and the process of drying and ashing (at 873 K for 15 min) was repeated until getting homogeneous ash of white, yellow or grey color. + MgAc 2 ; + 2.5 ml HNO 3 (5H); + 2.0 ml HNO 3 (5H) -replication 2-3 times 2. "Hydro" ashing Sample weight of honey was mixed with 10 ml of concentrated nitric acid in 50 ml ashing dish and heated up to the temperature of 303-313 K until gassing completion. Then 3.0-3.5 ml of concentrated nitric acid and 1.5-2.0 ml of 30 % solution of hydrogen peroxide were added and the mixture was evaporated at the temperature of 393-403 K. The process of adding hydrogen peroxide, nitric acid and evaporation was repeated three-four times until getting homogeneous ash of white, yellow and grey color. + 10 ml HNO 3 (conc.); + 3.0 ml HNO 3 (conc.); 1.5 мл H 2 O 2 (30%) -replication 3-4 times 3. "Hydro" mineralization and dry ashing Sample weight of honey was mixed with 2.5 ml of concentrated nitric acid in quartz glass, heated up to the temperature of 423 K until gassing completion and evaporated up to 1/3 of the initial volume. Then 2.0 ml of concentrated nitric acid and 1.0 ml of 30 % solution of hydrogen peroxide were added and the mixture was evaporated until dry state for 60-70 min under the temperature of 423-623 K. The sample was ashed at 723 K for 30 min. The process of nitric acid, hydrogen peroxide adding, evaporation and ashing was repeated two-three times until getting homogeneous ash of white, yellow or grey color. + 2.5 ml HNO 3 (conc.); + 2.0 ml HNO 3 (conc.); 1.0 мл H 2 O 2 (30%) -replication 2-3 times Ash was dissolved in 1 ml of concentrated formic acid and solved by double distilled water up to 10 ml. In quartz electrochemical chamber 10 ml of distilled water, 0.2 ml of concentrated formic acid and 0.5 ml of sample aliquot were added.
The content of heavy metals was determined by the voltammetry analyzer ТА-Lab (Research and Development Enterprise "Tomanalit" RF) in a three-electrode electrochemical cell. As an indicator electrode amalgam electrode was used. Silver chloride electrode filled with the 1M solution of potassium chloride was used as an electrode for comparison and as an auxiliary electrode.
The analysis was performed on background electrolyte, which contains 200 µl of concentrated formic acid (chemically pure), on the following conditions: electrochemical purification of the indicator electrode at the potential +0.050 for 15 s, metals accumulation on the surface of the indicator electrode at the potential of 1.500 for 30 s, solution calming at the potential of 1.300 V for 5 s, anodic oxidation at a liner potential scanning with the speed of 80 mV/s.
Probe of each honey sample was analyzed in three parallel experiments. Metals definition was performed by the method of additives using standard solutions, which contain 1 or 10 mg/l of each of the defined metals, which were prepared based on state standard samples and bidistilled water. Calculation of the metals concentration was performed with the help of method of one addition, presented by the manufacturer of device TA-Lab (specialized computer program, version 3.6.10) by the following formula:
where: X n -content of the determined element in sample under investigation, mg/kg; I n -current (peak height) of the element on volt-ampere program of the sample, µA; I д -current (peak height) of the element on volt-ampere program of the sample, µA; с д -additive concentration of calibrated solution of the element, mg/l; V д -additive volume of calibrated solution of the element, ml; Vmineralizer volume, ml; V аl -aliquot volume, i.e. volume sampled from mineralizer volume and added to analyzer cell to conduct measurements, ml; m -weight of the sample taken for analysis, g. Values of the detection limit and quantitative determination are given from technical documentation of the device. Method accuracy was determined by the honey sample probe, divided into two parts, one was left without changes and to the other the determined elements were added.
Results and Discussion
In Fig.1 typical samples of voltammetry curves of the background (1), honey samples without additives (2) and with additive (3) of the analyzed metal, obtained for the honey sample, are presented. background (1), honey without additives (2) and with additives (3) One can see from Fig. 1 that on the voltammetry curves of the background solutions in the intervals of the potentials from -1200 to +100 mV there are no currents peaks of the oxidation (curve 1). This indicates the purity of the background electrode, in particular the absence of zinc, cadmium, lead, and copper in it, because in terms of voltammetry curve registration there is possible anodic dissolution of these metals, which were earlier concentrated on the indicator electrode. On the voltammetry curves of the sample No. 2 there are four maxima of currents -at potentials -900, -550, -320, and -50 mV, which correspond to the processes of anodic oxidation of zinc, cadmium, lead, and copper, respectively. When adding the additive probe of the standard solution, which includes all metals, current peaks of zinc, cadmium, lead, and copper oxidation on the voltammetry curves increase proportionally to the increase of these metals concentration.
The same voltammetry curves are registered for other samples of honey under investigation.
Results of the determined zinc, cadmium, lead, and copper content in honey samples prepared by different mineralization methods are given in Fig. 2 .
As one can see from the data in Fig. 2 , all honey samples contain heavy metals, except white honey, where such toxic metal as lead was not found. The biggest content of lead was determined in the sample of sunflower honey, which is not higher than EPC (extreme permissible convention) level ( С (Pb 2+ ) = 1.0 mg/kg) [16, 17] . Cadmium content was below the limit of determination in buckwheat honey sample, whereas the highest content was in rape honey sample. As compared to the Ukrainian standards ( С (Cd 2+ ) = 0.05 mg/kg) [16] the increased cadmium content was found in two samples of honey: rape and sunflower, while the content in field and clover honey samples is on the EPC level. However, all the samples meet the requirements of honey safety in the EU countries (С(Cd 2+ ) = 0.1 mg/kg) [17] . Thus, the highest contamination with cadmium and lead was determined in sunflower honey, and with cadmium -in rape and sunflower honey.
The content of zinc and copper in honey are not standardized. However, it is interesting that zinc content in the majority of samples is less than 1 mg/kg, i.e., is below the limit of the element determination. Maximum zinc amount is in flower honey with thistle, and the minimum one -in meadow honey. The highest content of copper was found in forest honey, and the lowest -in polyfloral honey. The obtained data on the content of heavy metals in honey are within the values known from the literature.
Relative standard deviation (S r ) for zinc, cadmium, lead, and copper determination in honey samples is not higher than 2.8, 5.3, 4.4 and 1.8 after dry ashing; 1.7, 4.1, 3.4 and 1.7 % after hydro ashing; and 1.5, 3.1, 2.9 and 1.6 % after combined method of samples preparation, respectively.
Analytical results of the degree of extracted spiked metals in honey by different methods of samples preparing are given in Table 1 .
One can see from Table 1 that all methods of honey samples preparing are satisfactory. However, degree of lead ions extraction after dry ashing is higher than in other methods and higher compared with the accepted limit (75-125 %). In other words, the hydro and the combined methods of honey samples preparing are satisfactory and produce more similar indexes. However, the method of hydro ashing is more reagents consumption. That is why "hydro" mineralization and dry ashing can be recommended as relatively inexpensive, easy and fast way of honey samples preparing for further quantitative determination of heavy metals by the method of stripping voltammetry. Benchmarking of metrological characteristics of analytical methods of toxic heavy metals determination, such as cadmium and lead, in honey samples is given in Table 2 .
So, stripping voltammetry method gives possibility to decrease limit of detection by 1-2 times and determine cadmium concentration in honey samples next lower order comparing to other methods described in literature, however the methodology accuracy somewhat yields to atomic absorption method, but does not exceed 5 %.
Conclusions
Chemical composition and nutritional value of honey vary and depend on the type of honey plant, honey maturity, climate conditions, and industrial methods of treatment and storage. On the basis of the conducted investigation the following conclusions can be made:
1. To define the content of heavy metals zinc, cadmium, and lead in honey samples the method of stripping voltammetry can be used with relative deviation of no more than 4.2 % and determination regularity of about 95 %.
2. Honey samples preparation preceding stripping voltammetry determination of heavy metals content can be conducted by three methods. It was defined that the method that combines hydro mineralization and dry exposure is the most efficient in destroying organic matrix of honey samples and ions of heavy metals in solution extraction, and provides high accuracy of determination.
